This study was carried out to determine the effects of some pretreatments including soaking in concentrated (98%) H 2 SO 4 for 10, 20, 30, 40 and 50 min and cold stratification (at 4± ± ± ±1°C) for 15, 30, 45 and 60 days followed by soaking in H 2 SO 4 for 10, 20, 30, 40 and 50 min on seed germination and to investigate how to overcome dormancy of Punica granatum L. seeds. The seeds were sown in polyethylene pots in the greenhouse and sown at 22±1°C under darkness in laboratory conditions. The statistical approach was a randomized complete block design with three replications. Germinated seeds were observed periodically during 50 days to determine germination percentages and germination rates. Soaking in H 2 SO 4 for 30 min with cold stratification for 45 days gave the highest germination percentage (60.7%) in the laboratory while, the highest germination percentage (85.5%) was obtained from soaking in H 2 SO 4 for 40 min with 30 day cold stratification pre-treatment although there were not any significant differences for germination percentages between pre-treatments in the greenhouse. In addition, the best germination rate (21 days) was obtained from the seeds which were soaked in H 2 SO 4 for 30 min with 45 day cold stratification and soaked in H 2 SO 4 for 40 min with cold stratification for 45 days pre-treatments in the greenhouse.
INTRODUCTION
Vegetation cover is one of the most important factors in preventing and controlling soil erosion. It gives long-term soil surface protection by providing leaf cover that reduces rain-drop effects. In addition, it helps better soil structure development through establishing a root system, thereby increasing infiltration and soil stability (Pritchett and Fisher, 1987; Balci, 1996) .
Punica granatum is believed to have originated from Southern Caspian belt and Northeast Turkey, and the Mediterranean basin is an important diversification center *Corresponding author. E-mail: askingokturk@hotmail.com. Tel: +90 466 215 1106 . Fax: +90 466 215 1034 of the plant (Halilova and Yildiz, 2009) . Pomegranate is one of the oldest subtropical species cultivated in Turkey and surrounding areas. The country has very rich pomegranate genetic resources mostly found in semi-arid and arid areas (Halilova and Yildiz, 2009) . P. granatum is a drought tolerant tree suitable for arid and semi-arid zone afforestation. This species is important in soil erosion control and is planted along rivers to stabilize banks. Pomegranate leaf litter decomposes slowly and is suitable for mulching. It is also used as an ornamental plants in many countries (Orwa et al., 2009) .
Seeds of many woody plant species cannot germinate even if they are sown under optimal moisture, oxygen and soil conditions (Dirr and Heuser, 1987; Landis et al., 1996; Urgenç, 1998; Yahyaoglu and Olmez, 2005) . This problem is called dormancy and their causes are a hard and impermeable seed coat, immature or dormant embryo, absence of endosperm, or thick, fleshy seed cover (ISTA, 1966 (ISTA, , 1993 . There is a great deal of variation in germination ability of seeds even within the same species. Poulsen (1996) reported that dormancy among and within seed lots of the same species varies with provenance, crop year, and individual trees.
There are various germination obstacles in Punica seeds (Ellis et al., 1985; Olmez et al., 2007a, b; Yucedag and Gultekin, 2009; Rawat et al., 2010) resulting in propagation difficulties.
Generally pre-treatments such as submersion in hot water, mechanical or chemical scarification, and hot aeration are used for seed coat dormancy while the cold and warm stratifications are usually applied to dormancy caused by restrictions at the embryo level (Landis et al., 1996) . Among these methods and techniques, especially cold stratification and submersion in concentrated H 2 SO 4 are used to increase germination percentage of P. granatum seeds (Riley, 1981; Piotto et al., 2003; Olmez et al., 2007a, b; Yucedag and Gultekin, 2009; Rawat et al., 2010) . Olmez et al. (2007a) obtained both the highest germination percentage (84.4%) and the best germination rates (30 and 36 days) in seeds pre-treated with soaking in H 2 SO 4 for 15 min followed by cold stratification for 60 days. Olmez et al. (2007b) achieved 11.2% germination in seeds that were cold stratified for 60 days in greenhouse conditions. Yucedag and Gultekin (2009) , obtained best germination percentage (71.8%) in seeds that were cold stratified for 45 days. Ravat (2010) stated that stratification for 30 days at 5°C showed highe st germination percentage (91.7%). Pioto et al. (2003) recommended 28 to 56 days cold stratification for P. granatum seeds.
The aim of this study was to examine the influence of cold stratification and submersion in sulphuric acid pretreatments on breaking dormancy of P. granatum seeds sown both in the laboratory and in the greenhouse conditions.
MATERIALS AND METHODS
Ripe fruits were collected from P. granatum individuals in September 2007, in Artvin region located in the North-Eastern part of Turkey. The seeds were separated from the fruit material, rinsed with tap water, dried in the shade, and stored at 5±1°C in plastic bags.
The following pre-treatments were applied to determine their effects on germination percentage (GP) and germination rate (GR) of P. granatum seeds: The seeds were stratified at 4±1°C by putting layers of moistened sand and seeds on top of each other in the closed boxes. Since there was a risk of some of the seeds being mixed with the sand because of their small size, linen cloth was placed between the sand and the seeds. The moisture of the sand and the seeds were checked regularly so that the seeds would not get mouldy.
The seeds were sown in polyethylene pots in the greenhouse and into the petri dishes on filter paper at 22±1°C under darkness in laboratory, in April 2008. The polyethylene pots were filled with growing medium composed of forest soil, creek sand, and cattle manure (3:1:1). The experimental design was a randomized complete block with three replications (30 seeds in each replication) for each treatment.
Numbers of germinated seeds [evaluation done according to ISTA Rules (1993) ] were recorded for 7th, 10th, 14th, 21st, 28th, 35th and 42nd days after the sowing.
The GP and GR values were determined for each pre-treatment. The formula used in determining GR (Pieper, 1952) and GP values is as follows
Where; GR: Germination rate, n: Number of days for each counting of germinated seeds, t: Number of germinated seeds at each counting day, T: Total number of germinated seeds. The whole experiment lasted for about 50 days when it was observed that the seeds stopped germinating. Data from the pretreatments were analyzed using the SPSS statistical software after arc-sinus transformation was applied to GP values to meet ANOVA assumptions. The ANOVA and Duncan tests were used to compare treatment groups to find out whether they showed any statistically significant differences with significance level (α) set at 0.05.
RESULTS AND DISCUSSION
Statistical analyses showed that the pre-treatments used in this study affected seed GP and GR in the laboratory and seed GR only in the greenhouse conditions significantly. While the GPs of the seeds varied between 0.7 and 60.7% in the laboratory, the GPs in the greenhouse ranged from 61.0 to 85.5%. The highest GP in the greenhouse (85.5%) was obtained from the seeds which were soaked in H 2 SO 4 for 40 min with CS for 30 days although there were not any significant differences for GP between pre-treatments. On the other hand, the highest GP (60.7%) was obtained from submersion in H 2 SO 4 for 30 min with CS for 45 days pre-treatment in the laboratory (Tables 1 and 2) . No germination was acquired in seeds soaked in H 2 SO 4 for 50 min followed by CS for60 days in laboratory condition. When concentrated H 2 SO 4 was used with cold stratification method, GPs resulted in an increase both in the greenhouse and laboratory comparing to using H 2 SO 4 alone (Tables 1 and  2 ). Previous studies that used CS application reported successful outcomes to overcome dormancy of P. granatum seeds (Riley, 1981; Piotto et al., 2003; Yucedag and Gultekin, 2009; Rawat et al., 2010) . Riley (1981) reported that CS pre-treatment at 1 to 5°C f or 30 to 60 days gave good GPs that varied between 91 and 96% for P. granatum seeds. Rawat et al. (2010) implied that the highest GP (91.7%) was determined from the seeds stratified for 30 days at 5°C and sown in the laboratory. In addition, Yucedag and Gultekin (2009) obtained the highest GP (71.8%) from CS treatment for 45 days and sown in open field conditions. On the contrary, Olmez et al. (2007b) stated that the highest GP in the greenhouse was 11.2% for the seeds cold stratified for 60 days. In addition, scarification with H 2 SO 4 for 15 min followed by CS for 60 days were suggested by Olmez et al. (2007a) for P. granatum seeds, and the highest GPs determined from their study were 32.0 and 84.8% for the open field and the greenhouse conditions, respectively. Dormancy among and within seed lots of the same species varies with provenance, crop year, and individual trees like Poulsen (1996) 's explanation. In addition, provenance differences in seed germination have been explained by the conditions of the site of origin for several species (Olmez et al., 2007c (Olmez et al., , 2009 Wang et al., 2010) .
In general, the present results for P. granatum seeds showed that soaking in H 2 SO 4 followed by CS resulted in early, uniform and high GP in the greenhouse. Therefore, the results indicated that greenhouse conditions can be preferably used to improve germination of the seeds.
The best germination rate (21.3 and 20.7 days) was determined in seeds soaked in H 2 SO 4 for 30 or 40 min followed by 45-day CS pre-treatments and sown in the greenhouse. In addition, the GR was 22.3 days for the highest GP (85.5%) that were obtained from submersion in H 2 SO 4 for 40 min with CS for 30 days pre-treatment in the greenhouse condition ( Table 2 ). The GR was 19.7 days for the highest GP in the laboratory conditions (Table 1) . The difference of GP and GR in the greenhouse and laboratory conditions could have resulted from germination conditions. Geisel (2004) stated that the medium in which the seeds are sown should be loose and well during germination is limited or reduced, germination can be severely retarded or inhibited. Greenhouse conditions were well aerated than laboratory conditions, so the differences could be derived from aeration.
Conclusions
Consequently, among all the pre-treatments applied to the P. granatum seeds, submersion in H 2 SO 4 for 30 min with 45 day-CS in the laboratory and submersion in H 2 SO 4 for 40 min with 30 day-CS resulted in the highest GPs, 60.7 and 85.5%, respectively. The results indicated that CS with submersion in H 2 SO 4 pre-treatments gave higher GP values both in the greenhouse and in the laboratory than H 2 SO 4 pre-treatment alone to improve germination dormancy of P. granatum seeds.
